This paper mainly studied mechanical performance of magnetorheological elastomer (MRE) based natural rubber and styrene butadiene rubber (NR/SBR). The theoretical analysis showed that the vibration and noise of centrifuge could be decreased by 8-20dB with the MRE based NR/SBR. Meanwhile, the strength analysis showed that the strength of MRE based NR/SBR could meet the demands of actual working conditions. Finally, it found that MRE based NR/SBR played an effective role in the noise reduction and the whole noise could be decreased by 10dBA based on the experimental comparison of noise and vibration between the original running wheel of centrifuge and the MRE-transformed running wheel of centrifuge.
INTRODUCTION
Vibration and noise are the hot issue in the contemporary society and have a significant impact on people's lives, including environmental noise and industrial noise. Therefore, researches on the vibration damping and noise reduction have been developed gradually.
There are mainly three ways to decrease the noise pollution: 1) reduce the noise source (Cao and Stanescu, 2012; Arup, 2012; Jung-sun et al., 2011) ; 2) sound insulation during the transmission; 3) sound absorption in the environment (absorbing the radiation noise).
Each method should depend on the development of materials sciences and the research on the noise reduction technology. In the sound absorption, many scholars have studied the porous sound-absorbing material that can absorb the noise energy (Putra and Thompson, 2010; Sakharov et al., 2015) . In the sound insulation, there are a variety of sound insulation structures, such as single or double sound insulation. In the vibration damping (Hung-pin, 2006) , rubber vibration damping pad and other composite materials (He et al., 2010; Seung-han et al., 2006) can effectively reduce the vibration of vibration source and decrease the radiation noise. magnetorheological elastomer is a new type of intelligent composite materials. Its mechanical properties are different according to the different components of magnetorheological elastomer (Hou et al., 2016) . In early, researchers use room temperature vulcanized silicone rubber, natural rubber, NBR and other single rubber material for the preparation of magnetorheological rubber (Bossis and Abbo, 2001) . And its vibration reducing performance is tested (Lokander and Stenberg, 2003; Wei et al., 2011) .
Due to its low mechanical performance, it is certain limited on the engineering application.
You Shiping et al. (2010) prepared new MRE using natural rubber (NR) and styrene butadiene rubber (SBR). And the mechanical properties of MRE based NR/SBR is good.
However, the related research of engineering application of this new MRE has not yet been reported. This paper focuses on the vibration damping performance of MRE based NR/SBR in the pipe-pile centrifuge. The detection on two kinds of centrifuge structures, one of which covers a layer of thin MRE material and the other not, shows that the overall radiation noise have been reduced remarkably in the production plant in which a layer of thin MRE material covers on the running wheel of centrifuge.
MATERIAL AND METHOD

Description of Problems
The loudly noise in the production plant of pre-stressed concrete piles will cause serious damage to the physical and mental health of workers, which mainly comes from the centrifugal process, namely the radiation noise caused by the operation of centrifuge. To solve this problem, manufacturers tried to build the reflecting wall of sound insulation or set the basis of centrifuge lower than the ground, but they failed to reduce the radiated noise.
Components of Centrifuge
Centrifuge is composed of motor, driving shaft, idler shaft, running wheel of centrifuge and pipe-die. There is a V-belt to connect the motor and driving shaft. Figure 1 is a centrifuge pipe-die structure. The centrifugal process is divided into low-speed, lower-medium-speed, medium-speed, higher-medium-speed and high-speed stages, which will be finished in 15 minutes or so. The centrifugal speed will be different for different types of piles and different stages. Figure 2 is the centrifugal process diagram of pipe-die with type of ¢ 400.
Source of Centrifuge Noise
The no-load centrifuge runs smoothly and has no radiation noise. When the load (namely: pipe-die) is placed upon, the centrifuge will operate noisily. Figure 3 is the picture of no-load centrifuge. Figure 4 is the picture of centrifuge with pipe-die. The directions of arrows indicate the rotating direction of the centrifugal process. The structure of centrifuge shows that the loud noise is caused by the collision between the running wheels of centrifuge and pipe-die. In order to reduce the radiation noise in the production plant, it needs to transform the running wheel of centrifuge. Therefore, it is essential to cover a layer of thin MRE based NR/SBR material on the running wheel that can meet the carrying capacity of the centrifuge operation and effectively reduce the radiation noise of the running wheel of centrifuge. 
NR/SBR
The structure of centrifuge shows that the driving shaft of centrifuge is fixed to the ground with the base. The driving shaft supports the pipe-die through the running wheel of centrifuge and drives the rotation of pipe-die. Under the high speed of rotation, the pipe-die collides with the unsmooth surface of running wheel, which causes the loudly radiation noise. In order to facilitate the analysis and calculation, the pipe-die is simplified as a mass, the running wheels are simplified as supporting springs and the base and shafts are simplified as the fix-ends. The simplified model is shown in Figure 5 . It shows that the radiation noise is decreased by 8-20 dB compared with the original noise after the transformation. For the non-natural frequency, the amplitude is much smaller than the natural frequency and the radiation noise can be ignored.
Strength analysis on the MRE based NR/SBR under the actual working conditions of centrifuge
Taking the MRE based NR/SBR (Shao A50-75°) into the mechanical performance test with QT-TCB-2000 electronic tensile testing machine and its testing system (Figure 7 a, b) , the Fre que ncy 频 stress and strain are shown in Table 3 and mechanical parameters are shown in Table 4 . a) Electronic tensile testing machine b) testing system when the load is 20 tons. Therefore, the strength of MRE based NR/SBR is reliable and the maximum deformation is 0.07 mm that can be neglected. Figure 8 shows the Von Mises Stress of MRE based NR/SBR-covered structure. In experiment, the centrifuge was operated by the professional staffs arranged by the company and other noise sources should be stopped in the production plant. Make sure that the background noise is lower than 10 dB compared with the pipe-die centrifuge and the testing environment meets the demands of noise testing environment of relative machines.
System of test analysis and Layout of Measuring Points
(1) Test Analysis System 
RESULTS AND DISCUSSION
The analysis on the effective values of noise signals studied by the Institute of vibration and noise of Jiangsu University showed that the poor production conditions and installation of the centrifuge cause the uneven load for each running wheel and greatly differences in each vibration. Therefore, it needs to treat the average of vibration accelerations as the evaluation values and the vibration accelerations as the reference. Table 6 and Table 7 list the vibrations and vibration accelerations before or after the transformation, which are more convenient to be compared. The vibration damping effects are listed on the last line of Table 7 by the percentage of reduced vibration energy. decreased by more than 19% and vibration energy was reduced by more than 35%. Figure   13 shows the average values of vibration acceleration before or after the transformation of running wheels under different rotating speeds. X-coordinate represents the rotating speed of motor (r/min) and Y-coordinate represents the vibration accelerations (m/s 2 ). Table 8 and Table 9 have listed the noise values of measuring points before or after the transformation of running wheels, showing that noises are reduced significantly. In order to evaluate the effects of noise reduction comprehensively, Table 10 lists the average A-weighted sound level and noise reduction one meter above the pipe-die under different rotating speeds before and after the transformation of running wheels, showing that the noise reductions was reduced by 7.46 -11.34dBA. Seen from that, the effect of noise reduction is remarkable.
Table10
The effect of noise reduction one meter above the running wheel Table 11 and Table 12 list the average A-weighted sound level and noise reductions in the near field under different rotating speeds before and after the transformation of running wheels, showing that the noise reductions in the near field of bearing seat was reduced by 7.46-11.34dBA and the noise reductions in the near field of running wheel was reduced by 9.13-1.59dBA.
In order to observe results illustratively, the effect of noise reduction in the near field of running wheels is shown in bar chart. Figure 14 represents the effect of noise reduction in the near field of running wheels' contact points.
In a word, the experiment showed that the MRE based NR/SBR reduced the vibration and radiation noise of centrifuge remarkably. Under the condition of maximum speed, the overall noise reduction was decreased about 10dBA. 
CONCLUSION
This paper mainly studied the performance of noise reduction on the running wheels of centrifuges transformed by MRE based NR/SBR. The theoretical analysis concluded that the noise reduction can be decreased 8 -20 dB, which is consistent with the later experiment that the effect of noise reduction is remarkable with the actual noise reduction of about 10dB. This research showed that MRE based NR/SBR has a remarkable effect on the noise reduction of heavy load rollers' driving system. It can also provide a good reference for other vibration reduction. Rotating speed of motor before the transforma tion after the transforma tion noise reduction
